1. Introduction {#sec1}
===============

The rationale to conduct this research is due to our clinical observation and impression of beneficial effect on sleep quality, when our candidates were received BIOCERAMIC treatment. Thus, we were decided to perform a study to assess the possible improvement of sleep disorder by BIOCERAMIC Resonance.

Sleep disorder, such as disrupted and restricted sleep, is a common problem for many people worldwide. Sleep disorder may be related to disturbances of the autonomic nervous system, can affect mental and physical wellbeing and the ability to work and interact in social relationships.[@bib1], [@bib2] Insomnia may be a symptom of other diseases, but untreated insomnia can lead to psychological distress, it may also cause clinical conditions of anxiety and depression.[@bib3] Sleep disorder may also be a risk factor for cardiovascular disease and increased mortality.[@bib4] In Asian countries, insomnia is one of the most prevalent health disorders, reported by 21.4% of the total population in Japan,[@bib5] 17% of the population in Korea,[@bib6] and more than 25% of the Taiwanese adult population.[@bib7] Difficulty of initiating sleep is the most common type of insomnia (14.6%), followed by early morning awakening (13.9%) and difficulty maintaining sleep (13.4%).[@bib7] The prevalence of use of any drug treatment for sleep disorders (including antidepressants, mood stabilizers, and anxiolytic-hypnotic drugs) has increased to more than 12.0% of the population in Taiwan for the past decade.[@bib8] The overuse of anxiolytic, hypnotic and sedative medications leads to side effects that cause public health problems.[@bib9], [@bib10]

Alternative treatments for insomnia in Chinese populations include Chinese herbs and acupuncture, whereas in Western countries psychological and behavioral approaches are more likely to be used.[@bib11], [@bib12] Stimulation of acupuncture points or meridian channels, is a form of complementary medicine, includes several procedures to stimulate defined anatomical points. Although usually associated with the use of needles, acupuncture techniques can also include the use of magnets, low-power lasers, heat, ultrasound, manual pressure and electrical stimulation (electro-acupuncture). The application of BIOCERAMIC material includes an unexplained phenomenon of biological effect can be transmitted by sound wave and light propagation.[@bib7] In the past, we had conducted preclinical and clinical studies on the properties and applications of LED emitted light to pass through BIOCERAMIC material, including change of skin\'s electricity conductance properties, when applied to traditional acupuncture points.[@bib13], [@bib14], [@bib15] We have previously undertaken preclinical and clinical studies which have shown that the application of BIOCERAMIC materials promotes the microcirculation in patients[@bib13] and upregulates calcium-dependent nitric oxide and calmodulin in cell lines in vitro[@bib16] through calcium-dependent nitric oxide synthase.[@bib16], [@bib17] In a series of recent clinical studies, we found the application of BIOCERAMIC materials reduced neck muscle stiffness, relieved musculoskeletal disorders, and improved the recovery of resting cardiac and respiratory rates following exercise.[@bib18], [@bib19] The application of BIOCERAMIC materials has been shown to increase parasympathetic activity.[@bib20], [@bib21]

About BIOCERAMIC material, it is produce a weak energy field with no ionized radiation, which is enhanced and propagated through sound wave. BICOERAMIC material was proven to have weakening effects on hydrogen bonds and can alter the characteristics of liquid water.[@bib22], [@bib23], [@bib24] Furthermore, significant findings of the effects of BIOCERAMIC in different cell experiments, animal experiments and human trials, particularly in the promotion of microcirculation, were also found and reproduced.[@bib16] Based on Wang\'s deduction, the energy of a twelfth frequency is the sum of the energies of the eleven harmonic frequencies.[@bib21], [@bib25] According to series of publications by Wang et al, the harmonic rhythmic sound frequencies of the heartbeat are the main frequency components of the propagated pressure wave and correspond to the twelve meridian channels of TCM. Acupuncture points and meridian channels are thought to be closely related to microcirculation.[@bib16], [@bib21] BIOCERAMIC Resonance is the technology of combining sound waves using specific frequency beats in conjunction with our proprietary BIOCERAMIC material which offers a new kind of clinical application on traditional Chinese medicine.[@bib21] Described in our previous publication, candidates received BIOCERAMIC Resonance with rhythmic sound set at different tempo output that designed for resonance with aforementioned harmonic rhythmic sound frequencies of the heartbeat that corresponding to three dimension standing waves that what we believed as twelve meridian channels of TCM.[@bib14], [@bib15], [@bib21], [@bib26] During the rhythmic sound tempo being resonance with the specific standing wave arise from harmonic rhythmic sound frequency of heartbeat, it intensify the energy propagation of energy field of BIOCERAMIC. Under operation BIOCERAMIC Resonance, candidates may experience "Propagated Sensation along Meridians" (PSM), our results seem to suggest that BIOCERAMIC Resonance stimulates the twelve main meridian channels according to TCM.[@bib14], [@bib15], [@bib21], [@bib26]

Our previous publication has already proven that the BIOCERAMIC Resonance device can facilitate microcirculation and elicited 'propagated sensation along meridians' (PSM), under the concept of traditional Chinese medicine (TCM). Beside, candidates with insomnia, migraine, anxiety, benign facial tremor, low back pain, muscular paralysis, lower leg edema and poor wound healing of lower extremity, were clinical improved.[@bib14], [@bib15], [@bib21], [@bib26] The purpose of this study is to find the possibility of clinical benefit of BIOCERAMIC Resonance on sleep disturbance, assess by questionnaire, EEG and fMRI.

2. Methods {#sec2}
==========

2.1. Characteristics and use of BIOCERAMIC Resonance (BIOCERAMIC material with sound rhythm) {#sec2.1}
--------------------------------------------------------------------------------------------

The BIOCERAMIC powder used in this study (obtained from the Bioenergy Laboratory, Bioenergy Development Ltd, Taoyuan, Taiwan) was composed of microscopic particles produced from several types of elemental oxides. BIOCERAMIC powder[@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21] was used as 10% of a mixture with silicone rubber (Bioenergy Development Ltd, Taoyuan, Taiwan)to produce a membrane with a sponge-like density, capable of sound transmission. To choose the suitable frequency for our experiment, we reviewed previous articles and studies on the effects of different frequencies. A study by G. Rasmussen found that sound rhythm from 1 to 20 Bps are the most effective.[@bib27] We selected 10 Bps (mean value of 1--20 Bps) as the first sound rhythmic setting to prove our BIOCERAMIC Resonance device for this study to investigate the effects on patients with poor sleep quality.

BIOCERAMIC Resonance is the device sound rhythm generator producing 10 Bps with 10% BIOCERAMIC material mixed with silicone rubber and was capable of producing BIOCERAMIC Resonance effect. The rhythmic vibration source was at about 30 cm above the skin surface of the chest and the average sound level was 50 dB.[@bib21]

2.2. Patients studied {#sec2.2}
---------------------

The participants we wish to collect were patients who suffer sleep disturbance, not limited to insomnia, narcolepsy, cataplexy or sleep walking & night terrors. Patients were excluded who were being medications (eg. sedative or hypotics). All patients signed informed consents to participate in this study. The study protocol was approved by the Human Subjects Ethics Committee at the Taipei Hospital (Ministry of Health and Welfare), New Taipei City, Taiwan (approval number: TH-IR-0014-0001). Because of limitation on funding resource, we allowed 45 participants in this study, who were claimed of suffering sleep disorders. There were 30 female and 15 male, with an average age of 47.4 years old (range from 25 to 68 years old), were basically suffered of insomnia. We decide the ratio of \'experimental group to control group\' as \'4 to 1\'; thus, 36 patients underwent BIOCERAMIC with 10 Bps and 9 control subjects received sound rhythm (SR) at 10 Bps without BIOCERAMIC. They were arranged to perform sleep-quality assessment and electroencephalography (EEG) data recording. Eight male participant were received functional Magnetic Resonance Imaging (fMRI), but because of technically limitation, he was treated without and with BIOCERAMIC under circumstance of 'pulse sequence' sound vibration created by MRI device.

2.3. Sleep-quality assessment by questionnaire {#sec2.3}
----------------------------------------------

Modification from 'Insomnia Severity Index' and 'Pittsburgh Sleep Quality Index', we developed a self-assessment questionnaire, which was found more suitable to collect data on Taiwanese citizen, to use for quantify sleep disturbance patterns in the patients studied. The initial questionnaires required information on sleep patterns (include assessment on psychological and physical causes of sleep disturbances) for the 3 days prior to the start of the study, to provide baseline sleep patterns ([Table 1](#tbl1){ref-type="table"}) prior to treatment with BIOCERAMIC Resonance with SR at 10 Bps (BR10). Experiment 1 was the completion of study questionnaires 3 days after receiving the first BR10. Experiment 2 was the completion of study questionnaires 3 days later. Experiment 3 was the completion of study questionnaires after a further 3 days. The questionnaires included the following nine questions ([Table 1](#tbl1){ref-type="table"}). Statistical analysis was done to compare the results of the study population (36 patients) with the control population (9 patients) using the Kendall rank correlation coefficient, or tau test, which is a non-parametric hypothesis test to determine the dependence of severity of sleep disturbance and response to treatment with BR10.[@bib21], [@bib23]Table 1Questionnaire used for sleep quality assessment.Table 11.Cannot get to sleep within 30 min of going to bed2.Wake up in the night for more than 30 min3.Wake up 1--2 h before the expected time of awakening4.Wake up without feeling refreshed5.Sleep disturbance has been affecting daytime working ability6.Physical pain or discomfort interfere with sleep7.Mood depression or anxiety interferes with daytime life8.Snoring occasionally with pauses and choking breathing9.Limb numbness, itching and discomfort prevent falling sleep[^2]

2.4. Electroencephalography (EEG) data recording {#sec2.4}
------------------------------------------------

The EEG recordings of 36 patients who received BR10 and 9 control subjects, who received plain SR at 10 Bps alone, were all performed using standard EEG scalp leads and monitoring. Candidates were told not allowed eye opening throughout the whole period of EEG recordings. EEG recordings were analyzed for three sessions for each patient: 15 min before treatment, 60 min during treatment, and 15 min after treatment. Statistical comparison of the results was performed for the two groups, the 36 patients who received BR10 and the 9 control subjects who received sound rhythm at 10 Bps alone, using Fisher\'s exact t-test.[@bib28], [@bib29] The Embla 7000 digital polysomnographic recorder (Broomfield, CO, USA) and RemLogic software (Middleton, WI, USA) were used to record EEG and PSG data. The recording montage consisted of six EEG derivations (C3, C4, C4-M1, C3-M2, O1-M2, O2-M1). Signals were digitized at a rate of 1 kHz and amplified using 0.1--30 Hz analog band-pass filtering. EEGs were recorded during three time periods: 15 min before treatment, 60 min during treatment and 10 min after treatment. The EEG studies were performed in the daytime. Artifacts resulting from eye movements, blinks, muscle noise, and line noise were estimated by independent component analysis (ICA). Event-related potentials (ERPs) and event-related spectral perturbations (ERSPs) were computed using the EEGLAB MATLAB toolbox.[@bib30] In this computation method, time-frequency analysis was applied to EEG signals using the Morlettrans formation wavelet. Calculation of the individual frequency bands (delta, theta, alpha, and beta) was performed.

2.5. EEG analysis of curve patterns from 0 to 30 Hz, and of different band frequencies {#sec2.5}
--------------------------------------------------------------------------------------

The frequency spectra of the individual EEG results, in the ranges 1--4 Hz, 4--7 Hz, 7--12 Hz, 12--20 Hz, 20--25 Hz, 25--30 Hz, were analyzed for possible significant differences by comparing EEGs before, during and after BR10 treatments for the experimental and control groups.

2.6. Functional Magnetic Resonance Imaging (fMRI) demonstrates difference of control and experimental groups {#sec2.6}
------------------------------------------------------------------------------------------------------------

All brain imaging was conducted with a 3.0 T MRI system (United Imaging 3.0 T TX; Shanghai, China). After localizing images in three planes, 1-weighted images were acquired for anatomical reference. Transverse blood oxygenation level-dependent BOLD MRI images were obtained using gradient-echo planar imaging (EPI). The corresponding Imaging parameters were as follows: repetition time (TR) 3000 ms, echo time (TE) = 35 ms, matrix size = 96 × 96, reconstructed matrix size = 128 × 128, flip angle = 90°, field of view 230 × 230 mm, number of slices = 24, with 5-mm thickness and no gaps. All analyses were performed with SPM8 software (Statistical Parametric Mapping, <http://www.fil.ion.ucl.ac.uk/spm/>). Voxel-based individual task-related activation was evaluated.[@bib31], [@bib32] There were 8 candidates (male: 6; female: 2; average age: 22.4 years old) received fMRI without BIOCERAMIC silicon sheet placement who were able to hear the sound of 'BOLD' pulse sequence for 5 min, as control group. Experimental group of the same candidates, who were received fMRI after the control study, with additional placement of a silicon sheet (mixed with 10% BIOCERAMIC material) for treatment at skin portion of bilateral temporal regions. The effect of BIOCERAMIC Resonance was produced from combing BIOCERAMIC silicon sheet the sound of 'BOLD' pulse sequence for another 5 min.

3. Results {#sec3}
==========

3.1. Result of sleep quality assessment by questionnaire {#sec3.1}
--------------------------------------------------------

[Table 2](#tbl2){ref-type="table"} shows the Kendall tau rank correlation test analysis of questionnaire data, which shows a significant improvement (*p* \< 0.05) for the group of patients who had the greatest adverse sleep scores (worst sleep quality). The study findings were significant for improvement in the responses to Q1, Q2, Q3, Q4, Q5 and Q7 (*p* \< 0.05); but not for responses to Q6 (physical pain or discomfort that interferes with sleep), Q8 (snoring, difficulty breathing or choking), and Q9 (limb numbness and discomfort preventing sleep) (*p* \> 0.05). These findings may indicate that questionnaire questions Q1--Q5 and Q7 may reflect sleep disorders due to psychological causes that are more likely to be modified by BR10. However, questionnaire questions Q6, Q8 and Q9 reflect sleep disorders due to physical causes that are not modified by treatment with BR10.Table 2Changes in sleep quality assessment questionnaire results during the study.Table 2Question numbertau-c*p* valueQ1−0.2100.003\*\*Q2−0.1700.016\*Q3−0.1690.016\*Q4−0.1650.022\*Q5−0.1910.004\*\*Q6−0.1050.139Q7−0.1820.006\*\*Q8−0.0430.510Q9−0.0840.222

3.2. Comparison of EEG data from the control group and the BR10 treated group {#sec3.2}
-----------------------------------------------------------------------------

As an example of the findings in a non-treated control subject, [Fig. 1](#fig1){ref-type="fig"}a--c shows the EEG signals, channel locations, and power spectrum of an example of a control group candidate, which show no change before, during and after control treatment with plain SR at 10 Bps. In contrast, [Fig. 1](#fig1){ref-type="fig"}d--f shows specific changes during BR10 when compared with those before treatment. During the first 3 days of treatment, sleep quality improved in all 36 patients; in 91.7% (33/36) of experimental group, the BR treatment was associated with an elevation in the beta spectrum of the EEG (at 15--27 Hz) (the lower row in [Fig. 1](#fig1){ref-type="fig"}e). However, there is 0% of control group was associated with this EEG finding. By statistical comparison using Fisher\'s exact test, the 15--27 Hz elevation resulted in a significant increment (*p* \< 0.05) of beta EEG signals during the BR10 treatments; this was not significant for the control group.Fig. 1(a--f): Electroencephalograph (EEG) signal recordings for control group before (a), during (b) and after (c) the instrument operation with sound rhythm at 10 Bps; and for experimental group before (d), during (e) and after (f) BR10. Note: Elevations of EEG frequency within the range 15--27 Hz (∗) in channels 3--6 was recorded during instrument operation with BR10.Fig. 1

3.3. Comparison of areas of activation and deactivation by fMRI {#sec3.3}
---------------------------------------------------------------

By comparing the result of the candidates received 3 T fMRI without and with BIOCERAMIC Resonance, it showed an fMRI signal increase in areas (with total voxels of 2808), include left cerebellum, left inferior temporal gyrus and left insula lobe, etc ([Fig. 2](#fig2){ref-type="fig"}a and [Table 3](#tbl3){ref-type="table"}). There is also fMRI signal decrease in the following area: right superior frontal gyrus ([Fig. 2](#fig2){ref-type="fig"}b and [Table 3](#tbl3){ref-type="table"}).Fig. 2a--b. Obvious fMRI signal increase in the areas of left cerebellum, left inferior temporal gyrus and left insula lobe (left, a); and minimal fMRI signal decrease was noticed in the right superior frontal gyrus (right b).Fig. 2Table 3Comparison of fMRI imaging signal changes in cerebral and cerebellar regions between two groups.Table 3Regionsxyz*t*-value**Experimental--control groups(activation)** Left temporal pole−453157.68 Left parahippocampal gyrus−15−36−127.48 Left rolandic operculum−42−12187.09 Left inferior frontal gyrus−5124155.46 Left precentral gyrus−513215.40 Left hippocampus−18−15−185.29 Left middle frontal gyrus−334835.24 Left insula−339124.99 Left thalamus−3−2764.99 Left cerebellum−51−63−94.89 Left gyrus insula−3018124.49**Control--experimental groups(deactivation)** Middle temporal gyrus51−57214.62

4. Discussion {#sec4}
=============

The results of this study have shown that in patients with sleep disorders, treatment with BR produced a significant improvement in sleep quality during the first 3 days after treatment, compared with non-treated controls. The improvement was more pronounced in subjects with more severe sleep disorders and in patients with psychological, rather than physical, causes of sleep disorder and the effects was cumulative.

In this study, during the procedure of BR, there was no significant change in average amplitude of the electroencephalography (EEG) for different frequency bands, including 1--4 Hz, 4--7 Hz, 7--12 Hz, 12--20 Hz, 20--25 Hz, and 25--30 Hz. The correlation between sleep quality and EEG bands of theta (4--7 Hz) and delta (1--4 Hz) frequencies, were not found to be significantly changed; these findings on delta and alpha EEG not able to explain sleep quality improvement by previous concept.[@bib33] However, there were a high percentage of subjects (91.7%) with increased EEG potentials between 15--27 Hz (beta-1 frequency band). This finding may be explained by the fact that this study was designed to determine EEG data before, during and after the operation of BR during the daytime, and not during sleep, and so BR may not have an instant effect on delta and alpha EEG frequencies. A case study of using fMRI for assessment of BR also demonstrate areas of activation and deactivation of different cerebral and cerebellar zones. Among the limitations of this study, the small study size and the use of a single study center may have introduced some possible of study bias, so it is clear that further larger multicenter studies are required. A further reason for including a larger study population in future studies would be that this would allow for more detailed analysis of the effects of BR on the sub-types of chronic sleep disorder and, in particular, those due to psychological causes. We also recommend that future studies be performed during sleep time rather than daytime. Also, in this study, the data analysis did not control for patient medication, such as antipsychotic or anti-depressant drugs, which may affect the EEG findings. A common use for EEG evaluation is in the diagnosis and monitoring of treatment for epilepsy, but none of our cases suffered from epilepsy.[@bib34] Finally, the beneficial effects of treatment with acupuncture, including electro-acupuncture, may be explained by 'placebo effect' for patients who know they are being treated. In this study, patients were aware that they were being treated with a form of acupuncture, and so we recommend that future double-blind controlled studies be performed. In previous studies where acupuncture has been performed in different anatomical sites, there were complex changes in delta and alpha rhythms of the EEG, as well as significant changes of beta-2 and gamma frequency bands observed in specific electrode sites.[@bib35], [@bib36] Similar effects also demonstrated by activation and deactivation of different cerebral and cerebellar anatomical zones.[@bib31], [@bib32] Some studies have shown increased EEG potentials in different frequency bands during states of meditation.[@bib37], [@bib38], [@bib39] Some recent alternative treatments for sleep disorder have been described, including neuromodulation with transcranial direct current stimulation (tDCS),[@bib40] and transcranial magnetic stimulation (TMS).[@bib41], [@bib42] The tDCS treatment had been shown to increase beta power during and after stimulation.[@bib43] TMS had shown consistently evoked beta-band oscillations (13--20 Hz) in the parietal cortex.[@bib44], [@bib45] This study has shown some new findings in this important and common clinical problem of sleep disorders, with the finding of short-term EEG elevation between 15--27 Hz and areas of activation and deactivation in cerebral and cerebellar regions. Those data may reflect a beneficial outcome following BR, or possibly a manifestation of other neurological effects. Some limitations of this study are including (i) relationships between daytime EEG spectrum changes and fMRI pattern finding with the nighttime sleep improvement has not able to discuss.

5. Conclusions {#sec5}
==============

As far as we know, this is the first clinical study with preliminary data that proving a BIOCERAMIC Resonance can objectively improving sleep disorder due to psychological causes, but not significant effective to sleep disorders due to physical causes. Beside, BIOCERAMIC Resonance can transient alter brain wave activity, conducted by questionnaire for sleep-quality assessment correlating with EEG and fMRI monitoring. BIOCERAMIC Resonance has a high potential to act as an adjuvant treatment to chemical drug on chronic sleep disturbance.
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